IHinois  Imatote' 

of  Tecimology 

UNTVERSJTy  LIBRARIES , 


■AT  178  > 

Carlson,  H.  W. 

Pitot  tube  as  a  steam  meter 


For  Us3  In  Library  0 


THE  PITOT  TUBE  AS  A  STEAM  METER 


A  THESIS 

PRESENTED  BY 

H.  W.  CARLSON 

TO  THE 

PRESIDENT  AND  FACULTY 

OF 

ARMOUR  INSTITUTE  OF  TECHNOLOGY 

FOR  THE  DEGREE  OF 

BACHELOR  OF  SCIENCE  IN  MECHANICAL  ENGINEERING 

HAVING  COMPLETED  THE  PRESCRIBED  COURSE  OF  STUDY  IN 

MECHANICAL  ENGINEERING        V 
M/i/  /S/0. 


ILLINOIS  INSTITUTE  OF  TECHNOLOGY 

PAUL  V.  GALVIN  LI3RARY 

35  WEST  33PxD  STREET 

CHICAGO.  IL  60616  ^    ^^   ^  ^.^^.c^^ 


INDEX. 


Purpo  se 1 

Impulse  Meter 1 

Arrangement  of  Piping 2 

Method  of  Testing 3 

Discussion  and  Conclusions,  Impulse  Meter 4 

Gauge  Glass  Meter 6 

Theory,  Gauge  Glass  Meter 8 

Discussion  and  Conclusio-n,  Gauge  Glass  Metor----ll 
Plates 


22140 


('i  K'l' 


1 1=. 


It  is  the  purpose  of  this  theelB  to  study 
two  applications  of  the  pltot  tube  as  a  steam  meter, 
and  to  determine  as  far  as  possible,  the  practica- 
bility of  using  these  devices  as  such. 

The  first  of  these  applications  of  the 
pitot  tube  is  shown  in  Fig.  1,  and  for  convenience 
will  be  known  as  an  impulse  meter.   Two  holes  are 
tapped  in  the  Bte^im  pipe  through  which  the  steam 
is  flowing,  one  for  the  pitot  tube  D,  and  the  other 
for  the  static  tube  S.   The  latter  tube  admits  the 
static  pressure  of  the  steam  into  the  meter,  and 
provides  the  means  for  returning  any  condensation 
that  may  gather  in  it.   The  stream  of  steam  enter- 
ing the  meter  through  the  pitot  tube  is  projected 
through  the  nozzle  M  against  an  aluminum  disc  A, 
moxinted  on  needle  bearings.   The  disc  has  a  broad 
smooth  edge,  so  as  to  give  as  great  a  turning 
effort  from  the  jet  as  possible.   A  spiral  spring 
G  is  attached  to  the  disc  and  to  the  body  of  the 
meter,  providing  an  accumulative  resistance  which 
the  jet  must  act  against.   A  bar  magnet  N  is  also 
attached  to  the  disc.  On   the  outside  of  the  meter 


is  mounted  a  second  bar  magnet,  to  which  is  attached 
a  pointer,  bo  that  any  movement  of  the  disc  will  be 
indicated  outwardly  by  this  pointer.   This  meter- 
was  tested  for  t?ie  purpose  of  determining  what  the 
relation  would  be  between  the  amount  of  steam  flow- 
ing and  the  deflection  of  the  needle. 

Fig.  2  gives  diagrammatically  the  arrange- 
ment of  the  piping  used  in  conducting  the  tests. 
The  steam  first  pasf;ed  through  the    sepilrator  S  to 
the  drop  leg  B,  at  the  bottom  of  which  was  a  drip  D, 
The  globe  valve  V-,  was  used  for  keeping  the  pres- 
sure constant  in  the  part  of  the  system  following 
it.   There  was  also  a  drip  at  the  bottom  of  the 
riser  C,  both  this  and  the  drip  D  being  kept  elight- 
ly  open  at  all  times  during  the  tests.   The  meter 
was  attached  to  the  pipe  P  as  indicated  in  the  fig- 
ure, this  pipe  being  a  3-inch  extra  heavy  with  an 
internal  diameter  of  2.893  square  inches.   The  cal- 
orimeter and  pressure  gauge  were  fitted  to  the 
pipe  just  above  the  meter,  the  former  being  of  the 
throttling  type,  and  the  latter  a  Crosby  Test  Gauge, 
#500989.   At  the  further  end  of  the  system  was 


located  a  eeccnd  globe  valve  V,  this  being  used  to 
vary  the  velocity  of  the  etetim.   From  this  valve, 
the  Bteam  passed  into  a  Wheeler  surface  condenser, 
from  which  it  was  discharged  into  suitable  weighing 
tanks. 

The  method  of  conducting  a  test  was  as 
follows.   Steam  was  gradually  admitted,  first  to 
the  drop  leg  B,  and  then  through  the  valve  V^  into 
the  rest  of  the  syttem.   The  drips  were  opened  so 
as  to  drain  all  condensation,  and  the  system  was 
allowed  to  stand  this  way  until  thoroughly  warmed 
up.   After  thus  heating  the  pipes,  the  condenser 
pump  was  started,  and  the  valve  V  opened,  allowing 
steam  to  pass  into  the  condenser.   By  manipulating 
the  two  valves  V  and  V, ,  any  desired  pressure  and 
rate  of  flow  could  be  obtained,  within  the  capacity 
of  the  apparatus.   Readings  were  taken  every  five 
minutes  of  the  meter  and  calorimeter  temperature, 
the  pressure  being  closely  watched  and  kept  constant 
as  before  described.   The  weight  of  steam  passing 
through  the  pipe  was  taken  once  for  the  entire  run. 


i 


The  first  test  was  made  at  the  maximum 
capacity  of  the  apparatus,  this  being  limited  by 
a  relief  valve  at  the  entrance  to  the  condenser, 
which  opened  to  the  atmosphere  when  the  velocity 
became  too  great.  The  low  limit  given  by  this 
valve  was  due  to  the  fact  that  the  steum  entered 
the  condenser  through  a  2-inch  pipe,  after  passing 
through  the  three  inch  pipe,  thus  increasing  the 
velocity  greatly  at  this  point. 

The  dial  of  the  meter  was  divided  into 
100  parts,  and  it  was  found  that  the  maximum  cap- 
acity of  the  system  gave  a  deflection  of  less  than 
half  a  revolution  of  the  needle.   This  meant  that 
an  enormous  amount  of  steam  was  passing,  as  com- 
pared with  the  deflection,  being  very  nearly  4000 
pounds  an  hour.   The  velocity  of  the  steam  was  thus 
a  little  over  9000  feet  a  minute.   Furthermore,  the 
friction  of  the  bearings  was  so  great  as  compared 
with  the  turning  effort  exerted  by  the  steam,  that 
considerable  jarring  of  the  meter  was  necessary  in 
order  to  make  it  assume  its  proper  reading.   The 
data  taken  during  the  tests  on  this  meter  is  given 


on  plates  1,  2,  and  3,  and  1b  plotted  on  plate  4. 

From  plate  4  it  will  be  seen  that  the 
be  havior  of  the  meter  was  very  erratic.   In  the 

50-pound  series  of  tests,  a  reading  of  3.37  on  the 
dial  gave  a  smaller  weight  of  steam  than  a  reading 
of  2.76.   Again,  in  the  60-pound  series,  a  reading 
of  1.88  gave  less  steam  than  a  reading  of  1.13. 
A  consideration  of  the  points  as  plotted,  however, 
would  indicate  th>-t  there  is  very  probably  some 
law  which  holds  betv/een  the  meter  reading  and  the 
weight  of  steam  passing,  as  they  follow,  very  rough- 
ly it  is  true,  a  general  curve.   Prom  the  behavior 
of  the  pointer  with  regard  to  assuming  a  position, 
as  before  described,  the  concluslcn  follows  that 
in  the  meter  under  test,  the  friction  of  the  bear- 
ings was  too  great  to  give  dependable  readings. 
An  instrument  of  much  finer  construction,  having 
jeweled  bearijags,  and  provisions  for  preventing 
any  warping  due  to  the  internal  pressure  of  the 
steam,  would  permit  of  a  more  accurate  investigation 
of  this  type  of  meter,  and  would  probably  disclcse 
a  definite  relationship,  as  before  mentioned. 


Further  tests  on  the  Impulse  meter  being 
deemed  inadvisable  because  of  its  inaccuracy,  attenr 
tlon  was  turned  to  the  second  form  of  meter.   This 
is  shown  in  section  in  Fig.  3,  and  will  be  known 
as  a  gauge  glass  meter,  since  its  readings  are 
taken  from  the  gauge  glass.   As  in  the  case  of  the 
impulse  meter,  two  tubes  are  necessary,  the  pitot 
and  the  static,  and  in  addition,  a  third  connection 
G  is  made  to  the  steam  pipe.   The  condensation 
which  takes  place  in  the  static  tube  S  is  drained 
into  the  chamber  N  through  the  tube  F.   The  chamber 
N  can  become  filled  only  to  the  level  of  the  top 
of  the  tube  P,  any  surplus  condensation  being  re- 
turned by  it  to  the  steam  pipe  through  the  water 
teal  U  and  the  pipe  (i.      The  upper  en|^  of  P  is  fitted 
with  a  corrugated  ferrule  Vtfhich  reduces  the  effect 
of  capillarity  to  a  negligible  quantity.   The  pres- 
sure exerted  by  the  steam  entering  the  pitot  tube 
is  transmitted  to  the  surface  of  the  water  in  the 
chamber  N,  forcing  part  of  it  into  the  gauge  glass  W 
the  upper  end  of  which  is  connected  to  the  static 
tube  S.   The  pitot  tube  connection  to  the  chamber 


N  is  made  directly  over  tlie  discharge  tube  P.   This 
permits  all  condensation  that  may  take  place  in 
the  pitot  tube  to  drain  directly  into  the  discharge, 
thus  providing  a  dry  pitot  tube.   The  head  II  given 
by  the  column  of  water  in  the  gauge  glass  should 
then  oe  the  tinue  head  due  to  the  velocity,  provided 
that  there  Is  no  aspiration  at  the  end  of  the  static 
tube  S.   Prof.  Gebhardt  states  (Jour.  A.  S.  M.  E., 
Nov.  1909)  that  there  is  no  appreciable  aspiration 
effect  with  velocities  under  6000  feet  per  minute, 
and  as  these  tests  are  all  for  low  velocities  of 
flow,  it  will  be  assumed  that  there  is  no  aspiratioa 
The  theory  of  the  pitot  tube  which  follows,  was 
taken  from  Prof.  Gebhardt's  paper  on  steam  meters 
(Jour,  A.  S.  M.  E.,  No#.  1909).   Other  meters  of 
the  same  general  type  as  the  one  under  discussion 
have  given  values  of  the  coefficient  c,  which  enters 
the  equation,  of  unity.   These  meters  had  a  number 
of  defects  which  have  been  remedied  in  the  later 
form  of  instrument,  but  as  will  be  mentioned  further 
on,  the  theoretical  calculations  will  be  made  with 
c  equal  to  unity. 


The  theoretical  determlnaticn  of  tho 
weight  of  steam  flowing  through  a  pipe  by  means  of 
the  pltot  tube  is  arrived  at  from  its  well  known 
formula, 

v^  c/2gH.  ^1) 

Since  the  end  of  the  pitot  tube  is  placed  in  the 
center  of  the  pipe  where  the  velocity  of  the  steam 
la  a  maximum,  the  v  of  the  above  equation  must  rep- 
resent the  maxlmxim  velocity.   The  other  terms  of 
the  equation  are; 

c =  an  experimental  coefficient 
g = acceleration  of  gravity 
H  =  height  of  a  column  of  steam  equal  in 
weight  to  the  water  column  of  the 
meter. 
To  get  the  value  of  H  in  terms  of  known  quantities, 
let 

d^  — weight  of  one  cubic  foot  of  water  in 

the  gauge  glass  of  the  meter 
d= weight  of  one  cubic  foot  of  steam 

passing  through  the  pipe, 
h  —height  of  water  in  the  gauge  glass 
in  inches. 


Then 

h  '^w 

8 

Equation  (l)  then  becomes 

v=2.316y^  (2) 

B 

Now  let 

w  -weight  of  steam  flowing  in  pounds 

per  hour 
a  -area  of  section  of  pipe  in  square 

inches 
r-=  ratio  of  the  mean  to  the  maximvm 
velocity. 
Then  the  actual  weight  of  steam  flowing  per  hour 

will  be  given  by         

P^^  a 

w  =3600x2. 316 cjf -3-  h  x  r  X3-44  x  dg 

s 
=57.9car/dydgh  (3) 

For  a  3-inch  extra  heavy  pipe  of  the  kind  that  was 
used  for  these  tests,  it  has  been  found  that  the 
ratio  r  is  equal  to  .82.   Furthermore,  in  meters 
of  the  Qi^mQ   general  type  as  the  one  now  under  dis- 
cuecion,  it  has  been  found  that  the  coefficient  c 
is  unity.     For  this  reason,  c  will  be  assumed  as 
unity  in  this  equation.   The  internal  diameter  of 
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the  pipe  l8  2,892  Inchee,  giving  an  area  of  6.569 
square  Inches.   Substituting  the  above  values  of 
c,  a,  and  r  In  equation  (3),  we  have 

w  =  57. 9x. 82x6.  569x1  jAd^dgh' 
^312Vd^dgh.^ 

The  temperature  of  the  water  In  the  gauge, 
glass  of  the  meter  was  on  the  average  very  close 
to  the  normal  atmospheric  boiling  point  of  water, 
so  that  the  density  of  this  water  was  taken  as  60 
pounds  per  cubic  foot.   For  the  conditions  under 
which  the  30  pound(gauge)  tests  were  made,  the  for- 
mula becomes 

r,^„irr"  Abs,  press.   44.43# 

w=783|rh  ^    ^    ,3_052# 

8 

For  the   40   pound  tests,    the   formula   becomes 

^^,,rr-'  Abs.    press.       54,58# 

w  =  86irh  *^        dg      .1277# 


For  the   50   pounds   tests,    the   formula  becomes 

^-Qr^niT^  Abs.    press.       64.53# 

w-93.;Kh  d        .1494# 

8 

For  the   60   pound  tests,    the  formula   becomes 

w-998/hr  ^^^'    P^®es.       74.50# 

w-yyai'h  ^   .17ii# 

s 
The  density  of  the  steam  in  each  case  was  taken 

from  Peabody's  Steam  Tables.   From  the  above  formu- 
lae, the  theoretical  flow  was  calculated  for  each 
reading  taken  on  the  meter. 
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The  method  of  conducting  the  tests  on 
this  meter  was  exactly  the  same  as  that  descrioed 
for  conducting  the  tests  on  the  Impulse  meter. 
The  gauge  glass  of  the  meter  was  surrounded  uy  a 
slotted  sleeve,  the  edge  of  which  was  graduated 
to  tenths  of  an  inch.   The  zero  reading  of  the  meter 
was  determined  for  each  series  of  tests  by  closing 
the  velocity  regulating  valve  entirely,  and  allowing 
the  water  column  to  come  to  rest  very  gradually. 
In  every  instance,  the  zero  reading  was  found  to 
be  at  .58  inches  on  the  sleeve.   Preliminary  runs 
showed  that  the  variations  were  vQV}/    small  at  con- 
stant pressures,  so  that  20-minute  rims  were  con- 
sidered long  enourh. 

Plates  5  to  12,  inclusive,  contain  the 
running  logs  of  the  tests  conducted.   The  average 
results,  together  with  the  calculated  results  are 
given  on  plates  13  and  14.  On   plates  15  to  18, 
will  be  found  the  curves,  both  theoretical  and 
actual,  plotted  from  the  data  given  on  the  average 
result  plates.     In  each  case,  the  curve  for  the 
actual  performance  of  the  meter  was  placed  under 
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the  theoretical  curve  for  tnat  pressure.   It  is 
immediately  apparent  that  the  assumption  of  the 
value  ofl  c  equal  to  unity  is  not  correct.   The  ratio 
of  the  actual  to  the  calculated  flow  is  riven  with 
the  average  results,  and  is  the  proper  value  ofl  c. 
This  ratio  varies  considerably  at  low  velocities. 
For  mean  velocities  of  over  3000  feet  per  minute, 
however,  the  ratio  becomes  fairly  donstant.   The 
average  value  of  the  constant  is  .8  for  velocities 
above  3000  feet  per  minute,  the  greatest  deviation 
from  this  being  about  2  per  cent.   This,  then,  is 
the  proper  constant  for  the  meter  tested. 

In  view  of  the  fact  that  other  tests 
have  indicated  that  the  constant  should  be  unity, 
it  may  be  well  to  discuss  the  possibility  of  a 
defect  in  the  instrument.   A  ten  inch  column  of 
water  corresponds  to  a  pressure  of  about  .35  pounds 
per  square  inch.   This  means  that  the  difference 
in  pressure  between  the  static  and  pitot  tubes  when 
supporting  a  column  of  water  of  this  length  is  but 
.35  pounds.   It  is  evident  that  a  le^k  in  either 
tube,  however  slight  it  may  be,  will  cause  a  very 
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large  variatien  in  the  height  of  the  water  column. 
The  instrument  was  very  carefully  examined,  however, 
and  no  defects  of  any  kind  were  found,  so  that 
the  probability  of  a  keak  was  very  small. 

As  an  indicating  instrument,  this  arrange- 
ment gives  satisfactory  results.   The  tests  dem- 
onstrate that  there  is  a  definite  relation  existing 
between  the  flow  of  the  steam  and  the  indications 
of  the  meter,  and  the  variation  of  the  actual  from 
the  theoretical  results,  using  the  constant  as 
here  determined,  should  not  be  over  three  per  cent 
at  the  most.   The  fact  that  it  cannot  De  made 
recording,  precludes  the  possiuillty  of  using  the 
instrument  commercially. 

The  gauge  used  for  indicating  the  steam 
pressure  was  calibrated  at  the  end  of  each  day's 
running  for  the  pressures  at  which  it  had  oeen 
used.   The  caliur-ition  was  performed  with  a  Crosuy 
gauge  tester,  and  in  everv  case,  it  was  found 
that  the  gauge  was  correct,  necessitating  no  cali- 
bration curve.   A  certified  thermometer  was  not 
availaole  for  comparison  with  the  calorimeter 
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thermometer,  but  its  boiling  point  waB  found  to  be 
correct  within  a  fraction  of  a  degree.   It  was  also 
compared  with  a  thermometer  whose  bore  was  known  tob 
be  uniform,  and  the  rise  of  the  mercury  columns  was 
found  to  be  equal  through  tiie  range  at  which  it 
had  been  used.   It  was  therefore  assumed  that  the 
thermometer  was  correct,  this  aaumption  being 
reasonable  under  these  conditions. 
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